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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an MEMS optical switch 
and a producing method therefor with which vibration resistance, 
mirror installation accuracy and optical path ON/OFF reliability can 
be improved. 

SOLUTION: This MEMS optical switch is structured for switching 
optical signals corresponding to the vertical movement of a 
first/second cantilever while having the first cantilever provided on 
an insulator layer formed on a substrate while fixing one terminal 
closely to one terminal of the substrate and making the other 
terminal into free terminal to be sprung upward, a mirror attached 
through a hinge, which is formed on the upper surface of the first 
cantilever, vertically onto the upper surface of the first cantilever 
closely to the free terminal of the first cantilever, the second 
cantilever provided while being overlapped on the first cantilever 
while providing a fixed terminal closely to the fixed terminal of the 
first cantilever and making the other terminal into free terminal 
formed to be sprung upward so as to hold and fix the mirror 
through a slit for mirror hold composed of the free terminal and at 
least one of a signal light radiating means for irradiating the surface 
of the mirror with light and a signal light incident means for making 
signal light incident from the surface of the mirror. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The MEMS optical switch characterized by providing the following. The substrate in which one side of the 
electrode for an optical-switch on-off-control-action signal input is prepared near the 1 edge It is the 1st 
cantilever in which it is prepared on the insulator layer formed on this substrate, and one edge is fixed near the 
other end of the aforementioned substrate, the other end is free, the other end of this freedom is a configuration 
which has been over upward in a natural state, and another side of the electrode for an optical-switch on-off- 
control-action signal input is established near the other end of this freedom. The mirror attached in the long side 
of the 1st cantilever of the above through the hinge formed on the upper surface of this 1st cantilever at right 
angles to the upper surface of this 1st cantilever in parallel near [ other end ] the above of this 1st cantilever It is 
prepared in piles on the cantilever of the above 1st, and the fixed end is prepared near [ 1 edge ] the above of this 
1st cantilever. The 2nd cantilever fixed on both sides of the aforementioned mirror through the slit for mirror 
pinching which the other end is free, and the other end of this freedom is a configuration which has been over 
upward in a natural state, and is constituted near [ this ] the other end. At least one of a signal light irradiation 
means to irradiate signal light toward the field of the aforementioned mirror, and the signal light incidence meanses 
by which incidence is carried out in the signal light from the field of the aforementioned mirror 
[Claim 2] The MEMS optical switch according to claim 1 characterized by having a mirror fixed means by which 
consist of a salient formed in both sides of the upper part near [ near the free end of the 2nd cantilever of the 
above of the aforementioned mirror ] the edge, and raise this near the nose of cam of the aforementioned slit for 
mirror pinching of the 2nd cantilever of the above, and the 2nd cantilever of the above lifts the aforementioned 
mirror up, and fixes the aforementioned mirror. 

[Claim 3] In the direction which whose aforementioned other end of the 1st cantilever of the above is pinched from 
both sides, and intersects the 1st cantilever of the above Are formed on the aforementioned substrate, and from 
the 1st cantilever of the above, the two fixed end is isolated and is prepared. Toward the upper part, the two free 
end which the two free end approaches the 1st cantilever of the above, is prepared, and is close to this 1st 
cantilever bounds, and come to raise it. In order to forbid the aforementioned other end of the 3rd-4th cantilever 
and the 1st cantilever of the above from going up too much The MEMS optical switch according to claim 1 or 2 
characterized by having the 1st cantilever fault operation prohibition means which has an engagement means to 
engage with the two free end of the 3rd-4th cantilever of the above. 

[Claim 4] The manufacture method of the MEMS optical switch characterized by providing the following. The 
process which forms an insulator layer on a substrate The process which forms a PSG (Lynn silica glass) layer on 
this insulator layer, and removes this PSG layer from on near the other end of the aforementioned substrate (field 
used as the supporting point of the 1st cantilever) The process which is conductivity and forms the polycrystal 
silicon layer for the 1st cantilever on this PSG layer and the aforementioned substrate including an impurity The 
process which carries out patterning of the polycrystal silicon layer for cantilevers of the above 1st to the 
configuration of the 1st cantilever, The process which forms a PSG layer on the polycrystal silicon layer for 
cantilevers of the above 1st, and removes this PSG layer from on the field (field used as the supporting point of 
the 2nd cantilever) partly isolated from near the other end of the aforementioned substrate, The process which 
forms the polycrystal silicon layer for the 2nd cantilever on the polycrystal silicon layer for the 1st cantilever of 
the above this PSG layer top, The process which carries out patterning of the polycrystal silicon layer for this 2nd 
cantilever to the configuration of the 2nd cantilever of having a slit for mirror pinching at one edge, The process 
which forms a PSG layer on the polycrystal silicon layer for cantilevers of the above 1st, and the polycrystal silicon 
layer for cantilevers of the above 2nd, The process which **********s in order to form the salient for mirror 
fixation on the cantilever of the above 1st, The process which forms the polycrystal silicon layer for mirrors on this 
PSG layer, and the polycrystal silicon layer for these mirrors The process to which it is made for the one section 
of one side which carries out patterning to the configuration of a mirror of having a hinge along with one side, and 
has this hinge to be located between the aforementioned slits for mirror pinching, The process which forms a PSG 
layer, and the process which removes the aforementioned PSG layer from the field used as the supporting point of 
a hinge, The process which it leaves so that a polycrystal silicon layer may be formed and a mirror edge may come 
for the configuration of the clasp for hinges between slits by etching, The process which **********s the PSG 
layer near the other end of the polycrystal silicon layer of the process which it leaves by etching, and the object 
for the cantilevers of the above 1st and the object for the 2nd cantilever of the above in the configuration of the 
aforementioned salient for mirror fixation, The process which forms the double layer of a chromium layer and a gold 
layer on this polycrystal silicon layer, The process which forms a gold layer on the polycrystal silicon layer for the 
aforementioned mirrors, and the aforementioned PSG layer are dissolved. The polycrystal silicon layer for the 1st 
cantilever of the above is converted into the 1st cantilever to which the other end is curving toward above in a 
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natural state. The polycrystal silicon layer for the 2nd cantilever of the above is converted into the 2nd cantilever 
to which the other end is curving toward above in a natural state. The process which makes a direction change of 
the aforementioned mirror perpendicularly to the upper surface of the 1st cantilever of the above through the 
aforementioned slit for mirror pinching, and fixes this mirror through the aforementioned mirror fixed means, The 
process which forms a signal light irradiation means to irradiate signal light toward the field of the aforementioned 
mirror, and the process which forms the signal light incidence means by which incidence is carried out in the signal 
light from the field of the aforementioned mirror 

[Claim 5] The manufacture method of the MEMS optical switch according to claim 4 characterized by providing the 
following. The two free end which the aforementioned other end of the 1st cantilever of the above is pinched from 
both sides, and the two fixed end is isolated from the 1st cantilever of the above on the aforementioned substrate 
in the direction which intersects the 1st cantilever of the above, and is curving toward above in a natural state is 
processes which form the 3rd-4th cantilever close to the 1st cantilever of the above. The process which forms an 
engagement means to engage with the two free end of the 3rd~4th cantilever of the above in order to forbid the 
aforementioned other end of the 1st cantilever of the above from going up too much 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement and improvement of the 
manufacture method of a micro electro mechanical system (it is called MEMS for short below micro electro 
mechanical system.) optical switch. It is related with improvement which changes the course perpendicularly with 
high precision exact moreover easily, and enables it to start automatically the mirror which improves mechanism 
precision, and improves reliability in improvement of structure, and is especially formed in the plane parallel to a 
substrate in improvement of the manufacture method. 
[0002] 

[Description of the Prior Art] In the manufacture method of a semiconductor device, the alternative exposing 
method which exposes a photoresist alternatively using a photo mask, and a photoresist [ finishing / the 
aforementioned exposure ] are developed, the mask for etching is manufactured, and forming cycles for 
semiconductor device manufacture, such as the alternative etching method for making alternative etching using 
this mask for etching and the patterning method made using the lift-off method and these further, are known 
widely. This forming cycle for semiconductor device manufacture is used, and the truth object manufactured using 
the process and the ****** process of manufacturing truth objects other than a semiconductor device is called 
micro electro marker NIKARU system (it is called MEMS for short below micro electro mechanical system.), various 
kinds of mechanisms with this detailed MEMS process — it is used also for the manufacture method of a member 
— it can have — this specification — setting — ****** — a detailed mechanism member will be called MEMS 
element 
[0003] 

[Problem(s) to be Solved by the Invention] It is manufactured using a ****** MEMS process and the optica! switch 
the dimension of whose is 1mm or less is known, this invention is improvement of this MEMS optical switch. A 
mirror is being fixed perpendicularly on a cantilever, the cantilever which supports this mirror drives using 
electrostatic force in the MEMS optical switch concerning the conventional technology, and although ******(ed), 
since it is hard avoiding a certain amount of backlash in the micro hinge mechanism currently used in order [ which 
turns a lightwave signal on and off ] to support a mirror perpendicularly, there is a fault that vibration-proof nature 
is bad, mirror installation precision is bad, and the reliability of optical-path turning on and off is inferior. Moreover, 
in the manufacture method, there is a fault that the work which changes the course perpendicularly and starts the 
mirror currently formed in the plane parallel to a substrate is not easy. 

[0004] The purpose of this invention is to cancel the above-mentioned fault, and its vibration-proof nature is good. 
Mirror installation precision is good and it is in offering a MEMS optical switch excellent in the reliability of optical- 
path turning on and off. It is in offering the manufacture method of the MEMS optical switch it is made to have the 
method of changing the course perpendicularly with high precision and exact moreover starting automatically easily 
the mirror currently formed in the plane parallel to a substrate in addition to it. 

[0005] The 1st purpose (offer of a MEMS optical switch) among the above-mentioned purposes The substrate in 
which one side of the electrode for an optical-switch on-off-control-action signal input is prepared near the 1 
edge, It is prepared on the insulator layer formed on this substrate, and one edge is fixed near the other end of a 
substrate (supporting-point field of the 1st cantilever). The other end is free and the other end of this freedom is 
curving toward above in a natural state (being the configuration which has been over upward). The 1st cantilever in 
which another side of the electrode for an optical-switch on-off-contro l-action signal input is established near the 
other end of this freedom, Near [ aforementioned ] the other end of the 1st cantilever (supporting-point field of the 
2nd cantilever) The mirror attached in the long side of the 1st cantilever through the hinge formed on the upper 
surface of the 1st cantilever at right angles to the upper surface of the 1st cantilever in parallel. It is prepared in 
piles on the 1st cantilever, and the fixed end is prepared near [ aforementioned ] the 1 edge of the 1st cantilever. 
The other end is free and the other end of this freedom is curving toward above in a natural state (being the 
configuration which has been over upward). The 2nd cantilever fixed on both sides of a mirror through the slit for 
mirror pinching which the other end of this freedom constitutes, It is attained by the MEMS optical switch of 
structure which has at least one of a signal light irradiation means to irradiate light toward the field of a mirror, and 
the signal light incidence meanses by which incidence is carried out in the signal light from the field of a mirror. It is 
effective to establish a mirror fixed means by which a mirror is lifted up and fixed in the MEMS optical switch of 
the above-mentioned structure by consisting of a salient formed in a mirror side, and raising this salient by the 2nd 
cantilever in order to ensure fixation of a mirror in order to improve mechanism precision, especially mirror 
installation precision and to improve reliability, the above — also in the MEMS optical switch of which structure, 
since there is a possibility that the other end of the 1st cantilever may go up too much In order to cancel this fault, 
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the aforementioned other end of the 1st cantilever is pinched from both sides. It is formed on a substrate, and the 
two fixed end is isolated and prepared in the direction which intersects the 1st cantilever from the 1st cantilever. 
The 3rd-4th cantilever formed by the two free end which is curving toward above in a natural state approaching 
the 1st cantilever is prepared. Establish an engagement means to engage with the two free end of this 3rd-4th 
cantilever, and this engagement means is used. It is effective to establish 1st cantilever fault operation prohibition 
means to suppress that the nose of cam (other end) of the 1st cantilever goes up too much in order to improve 
safety and reliability. 

[0006] The 2nd purpose (offer of the manufacture method of a MEMS optical switch) among the above-mentioned 
purposes The process which forms an insulator layer on a substrate, and the process which forms a PSG (Lynn 
silica glass) layer on this insulator layer, and removes this PSG layer from on near the other end of a substrate 
(field used as the supporting point of the 1st cantilever). The process which is conductivity and forms the 
polycrystal silicon layer for the 1st cantilever on this PSG layer and a substrate including an impurity, The process 
which carries out patterning of the polycrystal silicon layer for this 1st cantilever to the configuration of the 1st 
cantilever, The process which forms a PSG layer on the polycrystal silicon layer for the 1st aforementioned 
cantilever, and removes this PSG layer from on the field (field used as the supporting point of the 2nd cantilever) 
partly isolated from near the other end of a substrate, The process which forms the polycrystal silicon layer for the 
2nd cantilever on the polycrystal silicon layer for the 1st cantilever this PSG layer top, The process which carries 
out patterning of the polycrystal silicon layer for this 2nd cantilever to the configuration of the 2nd cantilever of 
having a slit for mirror pinching at the end, The process which forms a PSG layer on the polycrystal silicon layer 
for the 1st cantilever, and the polycrystal silicon layer for the 2nd cantilever. The process which **********s the 
salient for mirror fixation to a formation sake on the 1st cantilever. The process which forms the polycrystal silicon 
layer for mirrors on this PSG layer, and the polycrystal silicon layer for these mirrors The process which carries 
out patterning so that a part of one side which has a hinge in the configuration of a mirror of having a hinge along 
with one side may be located between the slits for mirror pinching. The process which removes the process which 
forms a PSG layer, and this PSG layer from the field which becomes with the supporting point of a hinge, and it 
leaves to the height for mirror fixation. The process which forms the double layer of a chromium layer and a gold 
layer in the top near the other end of the polycrystal silicon layer the object for the 1st cantilever, and for the 2nd 
cantilever, The process which forms a gold layer on the polycrystal silicon layer for mirrors, and a PSG layer are 
dissolved. The polycrystal silicon layer for the 1st cantilever is converted into the 1st cantilever to which the other 
end is curving toward above in a natural state. The polycrystal silicon layer for the 2nd cantilever is converted into 
the 2nd cantilever to which the other end is curving toward above in a natural state. The process which makes a 
direction change of the mirror perpendicularly to the upper surface of the 1st cantilever through the slit for mirror 
pinching, and fixes a mirror through a mirror fixed means. It is attained by the manufacture method of the MEMS 
optical switch which has the process which forms a signal light irradiation means to irradiate signal light toward the 
field of a mirror, and the process which forms the signal light incidence means by which incidence is carried out in 
the signal light from the field of a mirror. It is effective to form the 1st cantilever fault operation prohibition means 
explained in the paragraph 0005 here. 
[0007] 

[Function] this invention is improvement which improves the mechanism precision, especially mirror installation 
precision of the MEMS optical switch manufactured using the alternative exposing method widely learned as a 
forming cycle for semiconductor device manufacture, the alternative etching method, the lift-off method, the 
patterning method made using these methods, and improves reliability. In the MEMS optical switch concerning the 
conventional technology, although the mirror is being fixed perpendicularly on a cantilever Since it was hard to 
avoid a certain amount of backlash in the micro hinge mechanism currently used in order to support a mirror 
perpendicularly and there was a fault that vibration-proof nature was bad, mirror installation precision was bad, and 
the reliability of optical-path turning on and off was inferior In order to cancel this fault, the new concept of the 
2nd cantilever is introduced, to this 2nd cantilever This also forms the slit for mirror pinching which is a new 
concept, and this 2nd polycrystal silicon layer for cantilevers is formed through the PSG layer except for the 
supporting-point field on the 1st polycrystal silicon layer for cantilevers. Furthermore, except for the supporting- 
point field of a hinge, form the polycrystal silicon layer for mirrors through the PSG layer on it, and, finally a PSG 
layer is dissolved. The 1st cantilever, 2nd cantilever, and mirror are collectively changed into a free state 
simultaneously, and a mirror will be started automatically. Consequently, on the 1st cantilever, a mirror will be 
automatically started through the slit for mirror pinching, and will be held perpendicularly after that. Furthermore, in 
order to carry out enhancing of the accuracy of this maintenance posture, the new concept of a mirror fixed means 
is introduced, and it will be perpendicularly held very correctly by the mirror on the 1st cantilever. In addition, the 
new concept of the 1st cantilever fault operation prohibition means is introduced, the fault that there is a 
possibility that the other end of the 1st cantilever may go up too much is canceled, and safety and reliability are 
improving notably. In addition, it is the deposition temperature (it is an elevated temperature comparatively.) of 
chromium and gold about the double layer of a chromium layer and a gold layer on the polycrystal silicon layer for 
cantilevers. [0008] which is for making the 1st, the 2nd, the 3rd, and 4th cantilever 3 and 6, 8, and 8 into the 
configuration which leaps up toward the upper part in ordinary temperature when dissolution removal of the layer 
of PSG which uses fluoric acid (HF) and makes the ground of the polycrystal silicon layer for cantilevers in a next 
process is carried out the passage of the above [these four new concepts (2nd cantilever, slit for mirror pinching, 
mirror fixed means and 1st cantilever fault operation prohibition means) newly introduced ] — a MEMS optical 
switch — structural profits — although things are clear In addition, the above-mentioned new concept sets 

to the final process (process which dissolves a PSG layer, bundles up the 1st cantilever, 2nd cantilever, and mirror, 
and is simultaneously changed into a free state) of the manufacturing process of a MEMS optical switch, the 
method-profits that a mirror can be automatically turned now perpendicularly with high precision exact moreover 
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easily — **** — things are important 
[0009] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, the manufacture method of a MEMS optical 
switch and a MEMS optical switch concerning this invention is explained. 

[0010] 1st example (it corresponds to claim 1-2) drawing 1 and drawing 2 reference drawing 1 are side elevations, 
ar| d drawing 2 is a plan. In drawing, 1 is a silicon substrate and one example of a size is 

700micrometerx200micrometer. In drawing, 2 is an insulator layer which consists of Si3N4 board, 3 is the 1st 
cantilever, and the left end is fixed to the insulator layer 2, and it is functioning as the supporting point, and the 
right end is the free end and is in the state of leaping up upward, in drawing. The reason for leaping up upward is 
that an above strain generates the 1st cantilever 3 in the 1st cantilever 3 in ordinary temperature since the double 
layer of a chromium layer and a gold layer is formed in the deposition temperature (it is an elevated temperature 
comparatively.) of chromium and gold on the polycrystal silicon layer. 4 is a mirror, and the lower side is attached in 
the 1st cantilever 3 through the micro hinge 5, and is being fixed to it at right angles to the upper surface of the 
1st cantilever 3. In drawing, 6 is the 2nd cantilever concerning the summary of this invention, and the left end is 
fixed to the 1st cantilever 3, and it is functioning as the supporting point, and the right end is the free end and is 
changed into the state of leaping up upward, in drawing. The 1st cantilever 3 is based on the completely same 
reason as being in the state of leaping up upward. Let the nose of cam (right end) of the 2nd cantilever 6 be the 
slit for mirror pinching whose mirror 4 is pinched. After having the process which carries out the following and 
forming each part material in a monolithic, in the process which stands the mirror 4 currently formed in parallel with 
the field of a substrate 1 in the direction perpendicular to a substrate 1, a mirror 4 starts automatically through the 
above-mentioned slit for mirror pinching. 7 is a mirror fixed means (it is the salient prepared in both sides of a 
mirror.) to fix a mirror, it engages with the 2nd cantilever 6, lifts a mirror 4 upward, and has the function to hold a 
mirror 4 perpendicularly correctly. The above composition is the mirror drive which moves a mirror 4 up and down 
in drawing. 

[0011] In drawing 1 and a drawing 2 re-reference view, 10a and 10b are the electrodes of the cantilever driving 
means to which voltage is impressed between a substrate 1 and the 1st cantilever 3, electrostatic field are 
generated, the 1st cantilever 3 is moved up and down in drawing, and a mirror 4 is moved up and down in drawing, 
i.e., the electrode for an optical-switch on-off-control-action signal input. 11a, 11b, and 11c are optical-system 
meanses for an optical-path change (an optical fiber, an optical waveguide, a light emitting device, photo detector, 
etc.) by which an optical path is changed by the vertical directional movement of the 1st cantilever 3. For example, 
it sets in the state where a mirror 4 is in a high position. For example, the light injected from 11a, such as an 
irradiation delivery-volume optical fiber and a light emitting device For example, in the state where incidence is 
carried out to 11c, such as an optical fiber, a photo detector, etc. for light-receiving, and a mirror 4 is in a low 
position, the light injected, for example from 11a, such as an irradiation delivery-volume optical fiber and a light 
emitting device, operates as incidence is carried out to 11b, such as for example, an optical fiber, a photo detector, 
etc. for light-receiving. In addition, in drawing 2 , although the optical-system means for an optical-path change 
separates and is illustrated from the substrate, the relative position of each part material is expressed and there is 
no special meaning. 

[0012] 2nd example (it corresponds to claim 3) drawing 3 and drawing 4 reference drawing 3 are side elevations, 
and drawing 4 is a plan. In drawing, 1 is a silicon substrate, a configuration is a rectangle, the length of a long side is 
900 micrometers and the length of a size of a shorter side is 800 micrometers. In drawing, 2 is an insulator layer 
which consists of Si3N4, 3 is the 1st cantilever, and the left end is fixed to the insulator layer 2, and it is 
functioning as the supporting point, and the right end is the free end and is in the state of leaping up upward, in 
drawing. The reason is the same as the reason indicated in the 1st example. 4 is a mirror, and the lower side is 
attached in the 1st cantilever 3 through the micro hinge 5, and is being fixed to it at right angles to the upper 
surface of the 1st cantilever 3. In drawing, 6 is the 2nd cantilever concerning the summary of this invention, and 
the left end is fixed to the 1st cantilever 3, and it is functioning as the supporting point, and the right end is the 
free end and is in the state of leaping up upward, in drawing. The reason is also the same as the reason indicated in 
the 1st example. Let the nose of cam (right end) of the 2nd cantilever 6 be the slit for mirror pinching whose mirror 
4 is pinched. After having the process which carries out the following and forming each part material in a 
monolithic, in the process which stands the mirror 4 currently formed in parallel with a substrate 1 in the direction 
perpendicular to a substrate 1, a mirror 4 starts automatically through the above-mentioned slit for mirror pinching. 
7 is a mirror fixed means (it is the salient prepared in both sides of a mirror.) to fix a mirror, and by raising this 
salient by the 2nd cantilever 6, a mirror 4 is lifted up and it is fixed perpendicularly correctly. The above 
composition is the mirror drive which moves a mirror 4 up and down in drawing. Moreover, 8 is the 3rd-4th 
cantilever and 9 is the engagement means of the 1st cantilever fault operation prohibition means which forbids 
excessive elevation of the 1st cantilever. 

[0013] In drawing 3 and a drawing 4 re-reference view, 10a and 10b are the electrodes of the cantilever driving 
means to which voltage is impressed between a substrate 1 and the 1st cantilever 3, electrostatic field are 
generated, the 1st cantilever 3 is moved up and down in drawing, and a mirror 4 is moved up and down in drawing, 
i.e., the electrode for an optical-switch on-off-control-action signal input. 11a, 11b, and 11c are optical-system 
meanses for an optical-path change (an optical fiber, an optical waveguide, a light emitting device, photo detector, 
etc.) by which an optical path is changed by the vertical directional movement of the 1st cantilever 3. For example, 
it sets in the state where a mirror 4 is in a high position. For example, the light injected from 11a, such as an 
irradiation delivery-volume optical fiber and a light emitting device For example, in the state where incidence is 
carried out to 11c, such as an optical fiber, a photo detector, etc. for light-receiving, and a mirror 4 is in a low 
position, the light injected, for example from 1 1a, such as an irradiation delivery-volume optical fiber and a light 
emitting device, operates as incidence is carried out to 11b, such as for example, an optical fiber, a photo detector. 
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etc. for light-receiving. In addition, in drawing 4 , although the member of the one section of the optical-system 
means for an optical-path change separates from a part and is illustrated from the substrate, the relative position 
of each part material is expressed and there is no special meaning. 

[0014] The drawing 5 reference view is drawing which looked at drawing 3 from the right. In drawing, 8 is the 3rd- 
4th two cantilever, and 9 is the engagement means of the 1st cantilever fault operation prohibition means which 
forbids an excessive rise of the 1st cantilever. The engagement means 9 of the 1st cantilever fault operation 
prohibition means is established, and the feature of this example is that the 1st cantilever is forbidden from going 
up excessively. 

[0015] Next, the manufacturing process of the above-mentioned MEMS optical switch is explained. In the process 
concerning this invention, CVD can be used for the formation process of a layer and it is usable also by the wet 
etching method or the dry etching method at a removal process. And in the process which dissolves the PSG layer 
by which polycrystal silicon is formed on it, and changes a polycrystal silicon layer into a free state, the natural 
laws that fluoric acid (HF) has strong alternative solubility to PSG are used positively. In the following explanation, 
etchant etc. is not indicated but indicates each process comparatively simple. In addition, in [ the 1st example and 
the 2nd example ] process, since it is the same in general, as an example (the 3rd example) of the manufacture 
method, the manufacture method of the MEMS optical switch of the same structure as the 2nd example is 
indicated. Moreover, since the manufacturing process (the same drawing ( drawing 20 ) is referred to since the 
manufacturing process of the clasp of the engagement means 9 of the 1st cantilever fault operation prohibition 
means is also completely the same as that of this.) of the micro hinge 5 for mirrors, the manufacturing process of 
the mirror fixed means 7, and the manufacturing process of the bar of the stopper of the engagement means 9 of 
the 1st cantilever fault operation prohibition means are complicated, only these are indicated separately. 
[0016] The 3rd example (structure is the same as the 2nd example) 

Drawing 6 and drawing 7 reference drawing 6 are side elevations, and drawing 7 is a plan. 1 is a silicon substrate, a 
configuration is a rectangle, the length of a long side is 900 micrometers and the length of a size of a shorter side 
is 800 micrometers. In drawing of a silicon substrate 1, electrode 10a for an optical-switch on-off-control-action 
signal input (refer to drawing 3 ) is formed in the right end. 2 is formed four layers of Si3Ns on a silicon substrate 1, 
and the PSG layer (phospho silicateglass Lynn silica glass) 21 is formed on it. The above-mentioned PSG layer 21 
is removed from the field (it sets to drawing 7 and is the square of a right-hand side vertical edge) used as the 
field (it sets to drawing 6 and drawing 7 , and is a left end square) used as the supporting point of the 1st 
cantilever 3, and the supporting point of the 3rd~4th cantilever 8. The reason for using PSG is for carrying out 
dissolution removal of the layer of this PSG using fluoric acid, floating from a ground layer and changing into a free 
state the layer of the polycrystal silicon formed on it in a next process. Moreover, the reason for removing the 
layer of PSG from the field used as the supporting point is for fixing the layer 3-8 of polycrystal silicon in the layer 
2 of Si3N4 only in the field. 

[0017] Drawing 8 and drawing 9 reference drawing 8 are side elevations, and drawing 9 is a plan. The polycrystal 
silicon layer 3 for the 1st cantilever and the layer 3 (since it is the same as that of the polycrystal silicon layer for 
the 1st cantilever, although 3 takes at the beginning) of the polycrystal silicon for the 3rd-4th cantilever which the 
impurity is doped on the PSG layer 21 and are conductivity later, it shifts to eight It forms and patterning of this is 
carried out to the configuration of the 1st cantilever 3, and the configuration of the 3rd-4th cantilever 8. Moreover 
the PSG layer 32 is formed and this is removed from the field (it sets to drawing 9 and is the square field of central 
white) used as the supporting point of the 2nd cantilever 6. 

[0018] Drawing 10 and drawing 1 1 reference drawing 10 are side elevations, and drawing 1 1 is a plan. The layer 6 of 
the polycrystal silicon for the 2nd cantilever is formed, and patterning of this is carried out to the configuration of 
the 2nd cantilever 6. The configuration of the 2nd cantilever 6 is made into the configuration which has a slit for 
mirror pinching, and the guide of the V typeface which leads a mirror to this slit for mirror pinching previously at 
the one edge (it sets to drawing 10 and drawing 1 1 , and is a right end). A left end is a field used as the supporting 
point. 

[001 9] Drawing 12 and drawing 13 reference drawing 12 are side elevations, and drawing 13 is a plan. Opening 
(shown also with this [ 7 ] for convenience.) used in order that the PSG layer 62 may be formed and the mirror 
fixed means (a configuration is a salient.) 7 prepared in both sides of a mirror 4 may form on the other hand (one 
side side) is formed. In order to make an understanding easy, the character for explanation is used for drawing 13 . 
[0020] Drawing 14 and drawing 15 reference drawing 14 are side elevations, and drawing 1 5 is a plan. The layer 4 of 
the polycrystal silicon for mirrors and the polycrystal silicon layer 4 (it shifts to 9 in the future.) for engagement 
means 9 of the 1st cantilever fault operation prohibition means are formed, and patterning of this is carried out to 
the configuration of a mirror 4, and the configuration of the engagement means 9 of the fault operation prohibition 
means of the 1st cantilever. At this time, one side by the side of the rear face of the mirror fixed means (salient) 7 
is formed in the rear face of a mirror 4 at a mirror 4. Moreover, the opening 41 for the micro hinge 5 formation for 
mirrors is formed in a mirror 4. In order to make an understanding easy, the character for explanation is used after 
this drawing. 

[0021] Drawing 16 and the drawing 1 7 reference PSG film 100 are formed. Then, the contact hole 91 for the clasps 
for hinges of the engagement means 9 of the fault operation prohibition means of the 1st cantilever which forbids 
the contact hole 42 for mirrors for mirror fixed means (salient) 7, the contact hole 42 for clasps of the micro hinge 
5, and excessive elevation of the 1st cantilever 3, and the contact hole 92 for the bars of the stopper of the 
engagement means 9 of the fault operation prohibition means of the 1st cantilever are **********ed, respectively. 

[0022] Drawing 18 and the drawing 19 reference polycrystal silicon layer (** which does not **** as the whole but 
attaches a number for every each part material as follows.) are formed. And a patterning process is used and, on 
the other hand, 140 and the clasp 120 of the engagement means 9 of the fault operation prohibition means of the 



http://www4Jpdljpo.gojp/cgi-bin/tran_web_cgi_eije 



2003/12/17 



5/6 s<—is 



1st cantilever which forbids excessive elevation of the 1st cantilever 3 by the side of the clasp 130 of the micro 
hinge 5 for mirrors and the front face of the mirror fixed means (salient) 7, and the bar 150 of the stopper of the 
engagement means 9 of the fault operation prohibition means of the 1st cantilever which forbids excessive 
elevation of the 1st cantilever 3 are formed. These (with the clasp 130 (structure is the same as that of the clasp 
120 of the engagement means 9 of the fault operation prohibition means of the 1st cantilever 3) of the micro hinge 
5 (refer to drawing 1 , drawing 2 , drawing 3 , and drawing 4 ) for mirrors) On the other hand, if the post of each 
structure and manufacture method of 140 and the bar 150 of the stopper of the engagement means 9 of the fault 
operation prohibition means of the 1st cantilever which forbids excessive elevation of the 1st cantilever 3 by the 
side of the front face of the mirror fixed means (salient) 7 is taken, d rawing 20 , drawing 21 , and drawing 22 are 
referred to. It explains below. 

[0023] The structure and the manufacture method (the same as that of the structure of the clasp 120 of the 
engagement means 9 of the fault operation prohibition means of the 1st cantilever 3, and the manufacture method) 
of the micro hinge 5 for the drawing 20 reference mirrors 

On the 1st cantilever layer 3 (the same as that of the 3rd [ the ] and 4th cantilever layer 8) Deposit the PSG layer 
32, and deposit the PSG layer 62 on it and the mirror layer 4 (the same as that of the polycrystal silicon layer for 
the engagement meanses 9 of the fault operation prohibition means of the 1st cantilever 3) is deposited on it. 
Carry out patterning of this, deposit the PSG layer 100 on it, also boil PSG32 and PSG62 **** under it, carry out 
patterning of this, and patterning of the polycrystal silicon layer 130 (the same as that of the polycrystal silicon 
layer 120) is deposited and carried out. The clasp 130 (the same as that of the clasp 120 of the engagement means 
9 of the fault operation prohibition means of the 1st cantilever 3) of the micro hinge 5 (refer to drawing 1 , drawing 
2 , drawing 3 , and drawing 4 ) for mirrors is formed. Each of these processes will be suitably incorporated into the 
above-mentioned main part manufacturing process, and will form the configuration to illustrate as a result. In the 
PSG layer dissolution process which carries out the following, if a PSG layer is dissolved, it will become a hinge 5 
(the same as that of the clasp 120 of the engagement means 9 of the fault operation prohibition means of the 1st 
cantilever 3). 

[0024] The PSG layer 32 is deposited on the cantilever layer 3 of the structure of the drawing 21 reference mirror 
fixed means (salient) 7, and the manufacture method 1st, the PSG layer 62 is deposited on it, patterning of this is 
carried out, the mirror layer 4 is deposited on it, the PSG layer 100 is deposited on it, patterning of this is carried 
out, and patterning of the polycrystal silicon layer 140 is deposited and carried out. A salient (a surface salient is 
140) is formed in the rear face and front face of a mirror 4 of this process. Each of these processes will be suitably 
incorporated into the above-mentioned main part manufacturing process, and will form the configuration to 
illustrate as a result. In the PSG layer dissolution process which carries out the following, if a PSG layer is 
dissolved, it will become the mirror fixed means (salient) 7. 

[0025] The PSG layer 32 is deposited on the cantilever layer 8 (the same as that of the 1st cantilever layer 3) of 
the structure of the bar 150 of the stopper of the engagement means 9 of the 1st cantilever fault operation 
prohibition means which forbids excessive elevation of the 1st cantilever 3 of the drawing 22 reference, and the 
manufacture method 3-4ths. Deposit the PSG layer 62 and the polycrystal silicon layer 9 for engagement meanses 
which forbids excessive elevation of a cantilever is deposited. Patterning of this is carried out, the engagement 
means 9 of the 1st cantilever fault operation prohibition means is formed, the PSG layer 100 is deposited on it, 
patterning of this is carried out, and patterning of the polycrystal silicon layer 150 is deposited and carried out. 
Each of these processes will be suitably incorporated into the above-mentioned main part manufacturing process, 
and will form the configuration to illustrate as a result. 

[0026] Drawing 23 and after that [ drawin g 24 reference ], the 1st, the 2nd, the 3rd, and 4th cantilever 3 and 6, and 
the PSG layer 32-62-62-62-100 on 8-8 are ********** e d, and the double layer 31-61 of a chromium layer and a 
gold layer is formed on the polycrystal silicon layer 3-6-8-8 which is the ground. Moreover, a gold layer 43 is 
formed on a mirror 4. It is for forming a mirror plane. In a next process, the reason for forming the double layer of 
these chromium layers and gold layers is for making the 1st, the 2nd, the 3rd, and 4th cantilever 3 and 6, 8, and 8 
into the configuration which leaps up toward the upper part, when dissolution removal of the layer of the above- 
mentioned PSG is carried out using fluoric acid (HF). 

[0027] It floods with the solution of drawing 3 , drawing 4 , drawing 5 re-reference, and drawing 25 reference fluoric 
acid (HF), all the PSG layers 21, 32, 62, and 100 are dissolved, and the 1st, the 2nd, the 3rd, and 4th cantilever 3 
and 6, 8, and 8 are floated upward. At this time, as are shown in drawin g 25 , and shown in drawing 25 with a 
dashed line at the beginning The mirror 4 currently formed on the 1st cantilever 3 common is interlocked with 
standup operation of the 2nd cantilever 6. by the slit for mirror pinching of the 2nd cantilever 6 Automatically, a 
mirror 4 starts perpendicularly to the upper surface of the 1st cantilever 3, is lifted upward by work of the mirror 
fixed means (salient) 7, and is correctly fixed perpendicularly so that it may be shown with an arrow. Thus, the main 
part of a MEMS optical switch is completed. Next, electrode 10b for an optical-switch on-off-control-action signal 
input (refer to drawing 3 ) is formed. Furthermore, the optical path from which an optical path is changed with this 
MEMS optical-switch main part by the vertical directional movement of the 1st cantilever 3 arranges optical- 
system meanses (optical fiber, optical-transmission-line, light-emitting-device, photo detector, etc.) 11a, 11b, and 
11c for a change so that it may illustrate. In the state where this optical-system means for an optical-path change 
has a mirror 4 in a high position For example, the light injected from 11a, such as an irradiation delivery-volume 
optical fiber and a light emitting device For example, in the state of carrying out incidence to 11c, such as an 
optical fiber, a photo detector, etc. for light-receiving, and being in a mirror 4 low position, the light injected, for 
example from 11a, such as an irradiation delivery-volume optical fiber and a light emitting device, operates as 
incidence is carried out to 11b, such as for example, an optical fiber, a photo detector, etc. for light-receiving. 
[0028] 

[Effect of the Invention] Although the alternative exposing method, the alternative etching method, the lift-off 
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method, the patterning method made using these widely learned as a forming means for semiconductor device 
manufacture are used as a usual state of a MEMS element in the MEMS optical switch concerning the invention in 
this application as explained above The new concept of the 2nd cantilever which has a slit for mirror maintenance 
is introduced. Form this 2nd cantilever layer through a PSG layer on the 1st cantilever layer, and further, form a 
mirror layer through a PSG layer on it, and a PSG layer is dissolved after that The 1st cantilever, 2nd cantilever, 
and mirror layer with package ********** A mirror layer will be correctly started perpendicularly by considering 
the slit for mirror pinching attached to the 2nd cantilever as a guide, and a mirror will be correctly held 
perpendicularly through the slit for mirror pinching on the 1st cantilever. Furthermore, in order to carry out 
enhancing of this maintenance accuracy, the new concept of a mirror fixed means will be introduced, and a mirror 
will be perpendicularly held very correctly on the 1st cantilever. In addition, the new concept of the 1st cantilever 
fault operation prohibition means is introduced, the fault that there is a possibility that the other end of the 1st 
cantilever may go up too much is canceled, and safety and reliability improve notably. Thus, according to the MEMS 
optical switch concerning the invention in this application, the MEMS optical switch vibration-proof nature, mirror 
installation precision, and whose reliability of optical-path turning on and off improved can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The side elevation of the optical switch concerning the 1st example of the invention in this application 
[Drawing 2] The plan of the optical switch concerning the 1st example of the invention in this application 
[Drawing 3] The side elevation of the optical switch concerning the 2nd example of the invention in this application 
[Drawing 4] The plan of the optical switch concerning the 2nd example of the invention in this application 
[ Drawing 5] The side elevation of the optical switch concerning the 2nd example of the invention in this application 
(drawing which looked at drawing 3 from the right) 

[Drawing 6] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 7] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[Drawing 8] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 9 ] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[ Drawing 10 ] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 1 1] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[Drawing 1 2] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 13] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[Drawing 14] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 15] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[Drawing 16] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 1 7] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[Drawing 18 ] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (side elevation) 

[Drawing 19] The manufacturing process view of the optical switch concerning the 3rd example of the invention in 
this application (plan) 

[Drawing 20] The manufacturing process view of the optical switch concerning the 2nd example of the invention in 
this application (side elevation) 

[Drawing 21 ] The manufacturing process view of the optical switch concerning the 2nd example of the invention in 
this application (side elevation) 

[Drawing 22] The manufacturing process view of the optical switch concerning the 2nd example of the invention in 
this application (side elevation) 

[Drawing 23] The manufacturing process view of the optical switch concerning the 2nd example of the invention in 
this application (plan) 

[Drawing 24] The manufacturing process view of the optical switch concerning the 2nd example of the invention in 
this application (side elevation) 

[Drawing 25] The manufacturing process view of the optical switch concerning the 2nd example of the invention in 
this application (perspective diagram) 
[Description of Notations] 

1 Silicon Substrate 

2 Insulator Layer Which Consists of 30Si4 Board 

3 1st Cantilever 

4 Mirror 

5 Micro Hinge 

6 2nd Cantilever 

7 Mirror Fixed Means (Salient) 
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8 3rd-4th Cantilever 

9 Engagement Means of Fault Operation Prohibition Means of 1st Cantilever 
10aand10b Electrode for an optical-switch on-off-control-action signal input 
11aand11b Optical-system meanses for an optical-path change (optical fiber etc.) 
21-32-62-100 PSG layer 

31-61 Double layer of a chromium layer and a gold layer 

41 Opening for Micro Hinge Formation for Mirrors 

42 Contact Hole for Clasps of Contact Hole Micro Hinge for Mirrors 

43 Gold Layer 

91 Contact Hole for Clasps of Engagement Means 9 of Fault Operation Prohibition Means of 1st Cantilever 

92 Contact Hole for Bars of Stopper of Engagement Means 9 of Fault Operation Prohibition Means of 1st 
Cantilever 

120 Clasp of Engagement Means 9 of Fault Operation Prohibition Means of 1st Cantilever 
130 Clasp of Micro Hinge 5 for Mirrors 

140 One Side by the side of Front Face of Mirror Fixed Means (Salient) 7 

150 Bar of Stopper of Engagement Means 9 of Fault Operation Prohibition Means of 1st Cantilever 
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Tg)tfe±if 313 • m4<D*>3-l<^-£m 
mm 1 ©* >9- U^N'-fflfiBBffllSg* 5 iiJgic±#-r 3 C i; 
*^±-r*fe«>C, miSBm3 • ^4©*>5 l I'>'n*-©- 

-3®&&3%£&&Tz>&-ei^&t*mt2>mi<Djj>?- 

1 *fc{i2 8B®©MEMS^^-i' y^. 

mvsGm^mmmwicom^m (m i©*^^- 
& s g§ i ©* ws-/g©#££iii"j 3 >jf£jfcjs£-r 



BufBlit 1 ©* WS-fl3#.JlSll v U n >Jf £g| 1 CD* 
>^^/N--©ff$tticy^-^>^rsx^i:, 
fflB^ 1 ©* U^-m^m^is ') n >*±fc P S G 
JI£fl?figU IP SGJl£Hyt3S«©fl!l!$j£<g#>£>V->< 
^.frglPILfc*^ (^2©*>5 L b>'N--©5^h^S^ 

ips Gm±t mmm 1 ©* >9-u^-m<D^^> u 

n>«±i:t^2©*>^P/^-m©#i^^^ 'J3>1 

i£!g2ffl#>^WN--ffl©^ifl->y 3>S£, 1 St 
s: y y h^#-rs^2©*>^-i//^-©B 

WC^-^V^-rsxfii:, 

filB^ 1 ©* V^-m^mWm^ U n >Jf i: buIB^ 2 
(D*y9-ly^-m^^ > )^>mt(D±lZ. PSGJ1 

buhbh i ©* wn-— ±t 3 7—m&m$z&%Bf&-r 

Z>tztf)\zx.v?->tr-tZ>X.UtL. 

ips Gi±t s. 7-m©^^v u 3 >a^ff^t-s 

^S-r-5.3.5-©JFJttC^^-^>^b, Ik>i;*t 
^-S 1 32© 133 #ii(jg 3 S. 5- -^ffl^ U >y bOP^t&M 
tSJ;5ttl,xiJ:, 
PSGI^MtSiSt, 

huIBPSGB^s b>j;©^i:^I.MJ|A>e,i4t5 

^iy'j3>i$ffMU t>^fflg»^©mtt{C3i 
>y^>^tif) $7-S*sX'J-y b©P4t3KS.t^ t^ 

-rr.lii:. 

buIB 5 7-@^)|^g«!:i f- > 7 iz £ Sti 

^1--SX*ii:. 

»#teSi"J n>e©±tc, d7DAJli:^S^©xaii 

bubBs. 7-ffl©#^a>> u n >mo±\z&mt:Mf$.-rz 

b5I3P SG15:i«ILt^ h5I3^ 1 ©* UM— ^© 
§3^2©*>^b^--ffl©^^^i'Uzi>B5, flfe^AS 

UThuIBS. 7 — ShuIB^ 1 ©*>9 L l//'^— ©±BBlC*f L 

iwiBS. ^-fflffilClRlfroTfi-f 
**JH»rs«^*JI8it*©*^J«-raxili: % gut 3 3 

-r s is h * # -r s c t -t mm t -r z> m e m s xt. -r 
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#182 0 0 2-2 3 0 7 3 (P 2 0 0 2 - 2 3 0 7 3 A) 



&LT0 3X-o©gji)iisi«±iiufBlf§ 1 ©TJ^Wt-KiB 

Husam i ©* >^ L//N--©B5geflfesgA s ii«c±#f s c 

h£git3~£fc«>tCiiyi3SS3 • £4©#>7-WS— ©~ 

*Cfc*tt«l:-rsS*B4fB«©MEMS#;*>f 
©Sii££?£o 

[0 0 0 1] 

Yu • ><f)—ij)\/- i/T.'rK (micro electro mechanic 
al system JWT. MEMS fcBg^-TSo ) *X-T-y^© 

§ 5 «t 3 c -r 5 asc & £ n r s . 

[0 0 0 2] 

[&*©&'#] ^*<t««o»jfi*at*sv^-r. 
^--> ^ffi«o**(«i««jifflj«?Bxattj£ < » 6 

¥*ft«BUft<Dtttt»*att-rsxfi£tFfr > SXg 

• J/^t^A (micro electro mechanical syste 
m JilTv MEMSt«tS„ ) tlo. CCMEMS 
Xg|±«a©«jffl«:«|»|tt«oJJift*afc:*ffiffl*tLa 

[0 0 0 3] 

[^H^* s »*b<t3 btZWkm £MEMSXfI£ 

X-T y^tfitoibtlT^Zo CCMEMS^X 
-f ^©ft^T-feS. tMitiSMEMS^^f y 



> • *7©(l^t4* s ^Si:o3^ASfeSo ^© 

[0004] *&W(D&mi£. ±ia<o^**jfi-r4^ 

8S^> • ^7©«»£A s @ftT0.5MEMS7fcX'r y-T- 
*Stfifcf SCfcfcfctK *ixtiwAT, *«C¥fTtc¥ 

ffitt£«i£;*ftTu3 5 7-£, giSftt. gatc> IE 

[0 0 0 5 ] ±g3©glftffll*k SlfflgW (MEMS^t 

fezti. flfesstigst-fet), c©effi©ffisg(±@^tt® 

±tfS>ft.&JiM*T?*»)) » £©gffl©ffliiHiE#Cft*-f 

1 ©#>?- W?— £ N SI 1 ©#>^Wn*— ©Ill3©ft!iifli 
i£fil (^©tj^W^-©^^) fc, Il©*> 
^•lxy\--©S5at¥ff{c. B 1 ©7J>^Wt-©±®£ 
Sifitc. il©*>fl/^-©±ffi±l;ffM$n5t> 

-±Cfi;fetTf9:l:r£>*U g§ 1 ©tjV^-WS— ©buIB© 1 
• «BiSfiFtH««l3& s l9;t*6tt, flbSBttifiTfftO, c©g 
ffi © -f&SS ( * g 25 ffi JC *> V > T _h 75 |6j £ [6) o T j§ a L X 
(±y*ift\zmt3i±.ifibtl2>1tmX'$>*)) . C©gffi 

fr-oxftzmtt-rzm^ytmM^&hi. ^7-01**, 
h*^-r5^ji©MEMS7tx-r ^^t^oT^^n 

So ±IB©»jg©MEMSJtX'f y7\Zte^X. ?5- 
Z(D$im&%2(D*>rU^-lZ£^Xft-t>±_ 

7-l£E*itJg : £|p]±U Mjffitt*lRl±-rSfc»K:^38j-e 
feSo ±f3l^-f nffl^jiWMEMS^X-f y^-CJi^r 
mi©*>7 c -L'^--©fltlSS*5iiigC±#t-Si:^d 

jg#fcs©T% d©^*/s?}g-rsfc», ^i©^>^ 

1^7n-— CDHifa3CD'ftil4g^r^-£B"J^ ?>^A/X-. g5 1©7J>?-b 

4g«® i<o*i>7VJ*—fri!>mmisxmve>ti. 

ffl ^ T ± 7a |p] £ IS) A^o t » a b T I > 2> X o © g E6 « 
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#182 0 0 2 -2 3 0 7 3 (P 2 0 0 2 - 2 3 0 7 3 A) 



[0 0 0 6 ] ±8B<DgW®l*K SI2<D@W (ME M S5t 

*) itMu ^©psG«*a«©fl&«is« rai 

dtf)PSGJf±hS«±^£> 
T-ft 5 m 1 \sJi—m<D&t5&i' U n >m*m$L 

>B£gl 1 CDJfJtttiy^— ->^"TSX 

ItPSGl^MU ^©PSG»*atR©fl6*5E« 

SB 1 W WBCD^HSiiS/ U 3 >B_th fcfg 2 CD 

<D&t6&$' y ^>mtm2 <d*> u^-mo^m^ 

y 3>JlhGD±£PSG@£ff^-r£X*Ih, fglCD* 

ytsxfii:, d©PSGS_h^^^-mcD^a^y 
3>I4Mt5xgi:, d©^^-fflcD^a^y^ 

>^*#-rs i jacD-gB*s^7-«Sffla^ y * hoRBtc 

JE&T£xgh, d<Z)PSGJi£, k>^0ijSJ:45* 

*««^y3>*©flrtiijfi«©±c, ^DM^ii: 

©xfiJi^ff^-rsxgi:, 5^— J8©#*SB5'y J> 

$ i i/^-fflo#fia^ y 3 >■ 

«ttJBC*5t>T±*|qlK:iRl*^-C»flUT^4» 1 

y^>at, fft«#a«tt«t:i3v^ , r±*iqic:ioi*oT 

IWt^i^IM^iMt^xii:, ^-©ffi 
*e>cD«^*A»**ia«^A!»*e*}KfiiE'rax 

Si: MEMS**-* y^©Sfig;£a;£<fcoT 



[0 0 0 7] 

[ftfl] **i«6«i!itfflJ«JKxgi:bTJE 

ya*ftffimuT«ia-rsMEMs*^>f y^©«*M8 
i cd* w wa^gns/ y =3 >ji ©±£ p s Gg £ 

gy'J^ >J1£ t > ^<D£ja««*BfcUT P S Gl^^ 
UTMSrtLT**. S«tc. PSGi^igtT, *1 
<D#>7^ W^— h^2cD#>^ i/M— h ^ ^ — — 

?Z>m&&, ^CDXg^^V^T. 7:yffi (HF) Z&m 

lt. ^>7 c -i^^*-ffl©^)g^^y^>jicDTtife^^'r 

PSG0l*M»4Lfci:§, »Hfc*V^T, SI 1 ■ 
^2 -S3 •^4©^>7 c -U/^3 • 6 • 8 • 8^±^ 
i:fli)^TStoJ:]()^ltti:tl)f;«)T'$)5 

[0008] cn?>©«ffc^#A^n^:Ego0»f*a*«t 

tttt^MEMS^^f y^CD«JSxeo)«»xg (P 
SGI^gfifLT, ^ 1 CD*>7^b>'N*-i:^2(D*>7 c - 
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tO 0 0 9] 

iSMEMS*X^f kMEMS*^>f y^0«i6* 

[ooio] inia CMaaj : 2P*nfi) 

01-02 #i® 

T> HiS/U3>a«Tf*5^acDlflU±, 7 0 0/im 
x 2 0 0//mT*feSo 2&S i 3 N 4 ffict 9&&flfitt«r 

*lRlt:8Ma±#sttftfc»So ±#fifcHs;&±#*«ffi 
fc. ^DA^hOiMI (Jt«W»S-e*S. ) C 
t% #Brfit:i5v>Tx ft l cd*>^* w*— 3coit>tc, ±# 
^cDT^&ft 1 <9*>^ W^—3 ic-^ ^Db>v 

2<5D#>^W*-T-&>K 0£:fc^T, ^CDfeigtfftl 
CD* >^ Wt— 3 fcBSStlTSuSli: LT^fgLTfc 

ttto±#stt«s^-rs« *l©*>^W*--3#±2riRl 
fc»ia±#att»fcft5CDJ:*<-BI-©aat: < ta. IB 
2<D#>^Wl--6(DflGJB (fijH) fcfc, ^ ^-4 

^T*$)^>o ) T'&tK ft 2<D*>5P ii^bT 

[0 0 11101 -I2S#i 
HfciJOT, 1 0 a • 1 0 bit, XC1 £ft 1CD*>^ 

tB*>^Wt-3 40fc^T±TW£»£-£-t\ 
fflm*lT-&£o lla - lib* llctt, Sl©*> 



*77>f^-S*3H?*llct:A»U 5 7-4#ffi 

>t • 1 1 afrfcitffiSftfc&B:. «*«S* 

ffl*77-f^ • S**?*l 1 bicAW-TSfc^d J:5 

[0012] 162*^01 [aj^H^a^j 
0 3-04 #fla 

0 3&#JJffi0T*& !K 04(i¥IiT*fe§o HC*5^ 

S*tf8 0 0/zm"efe5o 2f*S i 3 N 4 cfc»)fc£«fcS 
*MTC*tK 3tt»l CD* >^W*-T*fc?K 01C£^ 

*l&lKJ»ia±#SttJBK:*S. ftlf*lSte#J 

£13® b £31 fi h (rJ— T- £ o 4te^ ^— T-fet), -^CD 
T&ttft 1 ©*>fW^-3l:?>f*Dt>s; 5 
TKDoltfcftT. ft 1 ©*>^W*— 3©±H£Sii: 

U^-3CH3e*tlT3E^i:LT*MBbr*5!), -e<£>£ 
«ttgffi*T*fet)x BfciStrvrBu ±*|fiItBfcia±#5 
ttffifcfcSo ^©3lfi&> ftl^flfiflJkfMRL&Sft*: 

^ — 4 U * bfc^tUTV^o T 

fc«L a«lfc:¥fflcSja^*xT^s^7-4*a«i 

ffl^'Jy b^iloT 5 7 — 4#a»WK:ar , 6±i5S. 7 

±©«ril* s . 5 7-4t0tJ3V>T±Tt:»i6"rs5 7 
-|81&a«T-feSo 8(4^3 -*4©*>^l/^ 

i o* >^ u^^-a»fpa±#scD«^ST» 

[0013] 03 -04 

Htfcvvr* lOa-lObtt, &faltmi(DZ>?- 
Uy5-3 i:©IHIC«flE*8iaL/T»«***4LTJB 1 
CD*>^b^*-3 ?:0^^1>T±T^^16^-^T, ^ ^ 

BWSTffcSo 1 1 a • 1 1 b • 1 1 cB\ ft 1cd#V 
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*7 7-f^-S}fcj|{?«llcl:A»U $.v-4#fg 

* ■ mftm^-m 1 1 a*«.»di*ftfc3tett» w*«s* 

[0 0 14] I5#l 
J42<I©5§3 • ^4©#>^Wt— T-fetK 9(4S§1© 

*>?-wt— ©ji^^±#$^±-rsm 1 ©*>^ W? 

(i. £l©*>^Wt-jai&ffcRJt¥®©«^*®9ii J 
*VT:fc»K m i©#>^ WN--*«i:*c_h#-f £ 

C h ttm± 2 tlT V ^ 3 C i: T- £ . 
[0 0 15] igBfflMEMS^^-f y^-CDgfjgX 

JEdc $ ft T V ^ 3 P S G if * mm b T ^ «£ H 1/ u 3 > a * g 
SXigiCi^vtfclU 7>.yg? (HF) #PSG 

®B<Jt*Jfl|UTV>So -WT©SiW£;}3^T«\ x. 

|Sl-T-feS©T% Ki§#&©£;SIE0!l ($3 3£ffiftl) fcb 
Ttt, % 2 %K0!|i: |B)-©Piii©ME M S vf<D 

*a9©B»fc©«itx«tK cn^<B-t*4* 
m-o® (02 0) *#isi-So ) i:, $7-@s 
#S7©«i6xafc, fBi©*>^u^-attf^*±# 
K©^^fiS9©^ h yji-o^—ommz-mtit. m. 

[0 0 16] « 3 *flfiffll <«J6liaS2**«i:P3-) 
H 6 • 0 7#S3 

0 6{i(giJffl0T-$>t). H7(i¥MHT-&6o 1 liy'J 3 
*a©S^* s 9 0 0 ,umT-& O^aiS©^*^ 0 0/zm 

T'&s. ^U3>SSi©0{ctsv>-rfeJgt:«±. jte^^ 
v 7 mwm^xjimmm 1 o a (i3#i) * 

fgf£LT*5<o ^'J3>*tgl±<c'Si 3 N4ffl24}g 
J55c -£©±5CPSGJI (pho s pho silic 
ateglass U >ii^^^) 2 1 4Mt5o 



Ilffl*>? l/M-30Mi:%5I« (116 - muz 
is^rtzwawnm tm3 • fg4©*>?-WN--8© 

(B7t43^rt«±T4«©E9^) 
±I3©PSG@2 PSG^ffltl, 

eb«s *©^©^jc*jvaTx fr&misvz*>(Dm3 ■ 

8£S i 3 N 4 ©J!2{C@#-f 6fe»T-&So 
[0017] EI 8 • 11 9 #!© 

H8{i{gi)SHT-ag) D . ll9(i¥SllT-feSo PSG)I2 

i©±fc, ^ttttASH-^titv^t^mttTffeaJBi 

©AVT-W'?— ffi©#*£H$''J:3>Jf 3 h!3 -|g4ffl 

*>^U/'^-ffl©^i^^^';3>cDM3 (a§ 1 OD^J 

3tLX*5<#, 8»fff5. ) fcfgjSU - 

tt£. £g lC^JV^-l/y?— 3<D]&Vl£m3 -|g4©*> 
fi/^-8©Mi:l:;^-=>^tS. -£©±C, P 
^n*^ Sg2©*>?-W?— 6© 

da 9 c*.wfi*©aag ommm 

[00181H10-H11 #M 

HI 0I4«BEI^»?). El lii¥BHT-feSo 12® 
fflffl^I->'J3>fflI6*MU Ztl 
H2©*>5 : -U7^— 6©ffJtt^^^— ->^f5„ 
l§2ffl*>5 : -U7^-6©Jf$tt(i, ^CDliS (HI 0 • H 
1 1 C&OTCiSO C5.7-RJ#ffl^'J-v hi:^©^^ 
^ ^-^^©3; 7— m§m?. 'J >y ht?|< V^©*W 

[0019] B12 - 013 #M 

112(iffi@t'£D, 113lifliffe5. PSG 
J16 25:ff$J5)cU, 3. 7-4©iSa®izlS{t?>tvS ^ @ 

^•r. ) *^ta. mi 3 

[0020] 1114 -115 #M 

HI 4{i#JSHT-feO, H 1 5(i¥ffiHT-JfeS. 3^- 

SCSHrfa. ) *ff^JESb, CM> ^v-4©Stti: 
H 1 ffl* U/^-©a»f^»lJl:^©©«^© 9 ©B 

@^^l§ (ggS) 7©Hffi(»Jffl-73* s 3 v-4©^ffi{C 

HQ 4 1^3 5-4tCBfi!o$ftS„ IMg&CtSfe 

[0021] 116 -117 #ra 

psgiioo*m«. ?7-a^fg 



43M2 0 0 2-2 3 0 7 3 (P 2 0 0 2 - 2 3 0 7 3 A) 



(S^g) 7 m(Dl^-m^>$ Z h*-;i/4 2 k, v--f 
^Db>y5©f^ffl3>^^h^-;H2h, Si 

<D*j u 3 (Dmtt±w*m±? zm i ©*>^ 

^©n>^^ h*— ;i/9 1 k, S 1 wn*— ©Si 

W h xh— ;i/ 9 2 k£, ^tl^Pft, 3i^^>yt-^)o 
[0022] 018 -H19#I 
*«^U3>i (±#kLTttW»*-j\ »»*r«t: 
TSB©k:fc!>*^*Bf-rao ) ZBJ&TZo ^IT, ^ 

<OS«)*13 0fc. 5 7-H**«(SSB) 7©iffifiJ 
(D— #14 Oh. Sl©#>^WS-3©ii*&±#£ 
©jitl^S 1 0* >fl/^-©iS»ftg±¥S©«^ 
K9<Z>B«>£1 2 0 k. *1<Z>#>?-W*— 3<DM*t£ 
±W*m±TZ>m 1 >^ Wt-©«»ft«Jt#«<Z) 

ft*> (^7-ffl7^f^Dh>^5 (0 1 -02 -03 • 
14#i) 0 (ffimitm 1CD*>^W*— 

3 CD3Mftff «±*R©*6*S 9 (DgibS: 1 2 0 k m 
-) k, (£jB) 7©II#ij©^14 

oh, »i©*>^w*-3cD»*fc±#*»±-ra» 

1 <Z)# >^ U^t— ©ia»ffSI±¥®©«^® 9 CD* h 

5 Oh) ©^tl^tXO^jghS^^JSh 
fcSfc^Ttt. 020-021-022 *#IIT> TI2 

[0 0 2 3 ] 02 o#bb 

^Dt>^5CD«JSk»!ig»iS (Sl£>* 

>^ w*- 3 ©«»f^git#s©«^s 9 cds»* i 

2 OcD^kK^&kP]-) 

mi<Djj>ri"*—m3 (S3 • S4©*>^ w^-n 

8kH-) CD±C PSGi32^«tU *<Z>±£. 
PSGJB6 2ft«»U *©±t, ^7-J14 (SI 1 © 
* W*- 3 ©»»flsg±#®©«^a 9 ffl^H 

U ^©±£, PSGilOO^««lT, ^CDT©P 
SG32^PSG62h^i:, Ctl£/^-->^ 
U v U ^ >S 1 3 0 (^ 0 s a y U 3 >S 1 2 0 

kfil-) *«t*U /^-->yiT, * 
Dt>y5 (01 - 02 - 03 • i4#B8) CDgto^ 1 

3 0 (SlCD*>^^/<-3CDaillffg!±*S©«^* 

S9©B»ftl2 0kPI-) SMtSo cn^0§x 
-5, PSGJiSJBfxgttJV^T, PSGJl^SSiTS 

k, t>^5 (»i©*>^i/^-3©a»f^s±*a 
cD«^*S9©e»^i 2 otm-) 

[ 0 0 2 4 ] 0 2 1 #JH 

(SSS) 7CD«J6k«Jg#85 
£ l©*>^W*--J13(D±K:PSGJf 3 2^iiU, 



*0±fc, PSG16 2^«iLT, CM;^-^> 
^ Is *©±£, S7-»4ft*ttU , *(B±£. P 
SGil 0 OZMMLT. C*l£;t*-->^U 

0^140) ASM^tLSo ^n^OSlgit ± 

SGIS»xg(:*ot, PSGJH***f 5 k, ^ 

[0 0 2 5] 02 2 #JH 

S 1 ©*>^U^-3cD5I*&±#£^±ir3S 1 

^--1 5 0©«J8k«»#a 

S3 ■ 4c7)7J>^Wn*— J18 (S 1£>:*J>^W>*— Jf3 
klRl-) ©±£ P S GJI 3 2 *«t*U PSGI62?: 

*©±£, PSG1100«ibt, 

5 s c k fc: & s . 
[0026] 023 - 024 #J5S 

-€CD^, SI - S2 -S3 •!4©*>fW^3 • 6 
• 8 • 8CQ±<DP SG132 • 62 • 62 • 62 • 10 

o^oi^^>^u, *:<DTmT*$>2>$rmm>'>)^>m3 

•-6 --8 • 8±M, ^DAf^lWr SB 3 1 • 6 

l^mm-rzo ^-4±£t;*, ^i4 3sm 

37 *R (HF) *tefflbT±ffiCDPSG©»4»#|Sfc* 
U*:k£, SI -S2 -S3 • S4(D*>5PW^-3 ■ 

6 • 8 • 8*±^ldfR|*oT8Rta±A$SJKtt^'r5fe«) 

[0027] 03 - 04 - 05 B#f® -02 5 #fis 
7^8 (HF) ©MCgaiT, iT0PSG12 1 

•3 2-6 2-1 0 OtSDfUtx S 1 • 12 • S3 • 
8 4©*>fl/M-3 • 6 • 8 - 8*±^Ir)^3^# 
£o CKDkt, 0 2 5 £^£-5 S«K M2 5lzm 

%±#0»f^Ka»UT, i2©^>fW^6©>7 

^^-4(4, SiftWM. SlcD*>^u^-3©±stak: 



- 7 - 



&m2 0 0 2-2 3 0 7 3 ( P 2 0 0 2 - 2 3 0 7 3 A) 



mm ob (H3#!®) *j£j&-ra. -©me 

MS^^vf*^ H 1©tj>^WS-3©±T?5 

^) iia - i ib - i us, 0^-rs «t a jciae-r 

7 7>fM-M^l 1 a.frt>MiiiZtltzfflZ. mi. 
KSM*77-fM-S*I?§l 1 cfcAWU ^ 

77-f^-Mi?f 1 1 a.ifi^mm^ntciti±, m 

BS*ffl*7 7-f^ • ft*Jit?^l 1 bfcAftf&i:^ 
[0 0 2 8] 

Xs *mfrmmmmmmm^®tvx nx^ 
^-t^omm^m^mxLx. ^©i2ffl*>fv 

A— H£g§ 1 ffl*>fl/A--iffl±tPSGI$MT 
MU *©±fc, ^-IJPSGI^L 

b A- i: m 2 © * > 5F- U /t- 3- ^ -jf h 4 -JS ±L *» ± 
lf5i:i:*{Cs ^©AV^W"?— £ttSbTV>&5 ^ 

(CAt*> JitfS — iltC lstzi)(DX$> t> x 57-li, mi© 
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